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Dental fluorosis is a hypocalcification with or without hypoplasia of the dental enamel caused by excessive ingestion of fluoride during the period of tooth calcification and maturation. It has been suggested that fluorosis has become more prevalent among children in this country, in both fluoridated and nonfluoridated areas, as a result of ingestion of fluoride from sources other than drinking water (1,2). Sources included certain inSend reprints and correspondence to Dr. Woolfolk. Manuscript received: 6/13/88; returned to author for revision: 8/2/88; accepted for publication: 10/4/88. fant foods and formulas, fluoride-containing dentifrices, and dietary fluoride supplements.
Dietary fluoride supplements were first accepted by the Council on Dental Therapeutics in 1958. They represent an alternative source of fluoride that can be made available to children who do not have access to optimally fluoridated water supplies. The caries preventive benefits of fluoride supplements have been well documented by research (3-7).
Fluoride supplements are beneficial if patients are maintained on them from birth through age 13 with additional benefits being derived with use until third molars erupt. Current recommendations for providing supplements reflect the desired balance of maximal caries protection with minimal risk of dental fluorosis and stipulate that any dosage regimen should take into consideration the patient's age and the fluoride content of the drinking water (8). Depending upon the circumstances, either the risk of dental fluorosis increases or maximal caries protection is not achieved if these recommendations are not followed conscientiously.
Prescriptions for fluoride supplements can be issued to patients by dentists and physicians, although a national survey conducted by Gift (9) found that more physicians than dentists were prescribing dietary fluorides (79% versus 60%). State and national surveys from 1975-87 indicate that 32-86 percent of physicians report prescribing supplements (10-13). Investigations into the practices of dentists have found that 21 to 93 percent of surveyed dentists prescribed fluoride supplements (9,14-16). Yet, data also indicate a lack of knowledge among physicians and dentists regarding the use of oral fluoride supplementation in caries prevention and a lack of knowledge of the recommended dosage (10-11, 13, [17] [18] [19] .
The present investigation was prompted by concern that recommendations for prescribing fluoride supplements are not being followed appropriately. The authors determined the prevalence of fluorosis in children from a predominantly nonfluoridated area. This article will describe the relation between the reported early use of fluorides and the fluorosis status of the children examined.
Methods
A convenience sample of 543 children, aged nine to 13 years, from several rural communities in Michigan, was examined for fluorosis using the Tooth Surface Index of Fluorosis (TSIF) (20) . All examinations were performed by one examiner who had been calibrated in the use of the index. To distinguish between fluorosis and nonfluoride opacities, criteria formulated by Russell were used (21) . Only permanent teeth were examined. All examinations were conducted in schools with a portable dental chair and a fiber-optic light. A portable computer on site allowed direct data entry by a trained recorder.
'Approximately 37 percent of the children who received fluoride prescriptions from physicians had evidence of fluorosis, compared to only 20 percent who received prescriptions from dentists. "
A questionnaire was developed to obtain information about previous use of fluorides. The instrument was pretested on a sample of 15 colleagues who had children similar in ages to those included in the study. After modifications for clarity, questionnaires were mailed to parents of all children examined for fluorosis. Items on the questionnaire, which included multiplechoice and open-ended questions, asked parents to list all places of residence of their children since birth and whether well water or city water was used. Parents also were asked about use of fluoride supplements, sources of fluoride prescriptions, type of toothpastes used, and infant feeding practices-breast feeding and/or type of formula. To discourage guessing on the part of the respondents, the questionnaires included choices of "I don't know" or "I don't remember" as response options. These answers, indicative of respondents' uncertainty, were then eliminated from the analysis. The fluoride status of all communities listed by respondents was confirmed by consulting the 1980 Fluoridation Census (22) to determine if water fluoridation was present during the children's years of reported residence. Years of reported well water use were considered "no fluoride" years, as the study area is known to have negligible levels of natural fluoride and it was not within the scope of the present investigation to determine fluoride levels in well water for those subjects who may not have been life-long residents of the area.
The TSIF was used to examine individual tooth surfaces for fluorosis; however, a criterion for data analysis of the fluorosed surfaces was added. Because calcification of teeth usually occurs bilaterally, a similar effect of the ingestion of fluoride would normally be found on bilateral teeth. Therefore, only those scores found on bilateral surfaces were included in the data analysis. Data were analyzed and reported on the basis of individual tooth surfaces and on the basis of individual subjects who were stratified into two groups: those with fluorosis and those with no fluorosis. A child was considered to have fluorosis if at least two bilateral teeth, anterior or posterior, had surfaces with evidence of fluorosis. Frequency distributions were constructed. Chi-square and Fisher's exact probability tests were performed to determine if relations existed between the fluorosis status of children and reported exposure to fluorides.
Results
Of the 543 children examined, 412 fluoride histories were returned, a response rate of 76 percent. The prevalence of fluorosis is shown in Table 1 . More than threequarters of schoolchildren had no evidence of fluorosis, as defined previously for individuals. A slightly larger proportion of females than males had fluorosis, 25.2 percent versus 19.1 percent, respectively. However, there was no statistically significant relation between fluorosis status and sex.
The distribution of TSIF scores of all permanent tooth surfaces of the children is shown in Table 2 . About 93 percent of the surfaces examined had no fluorosis. Of the approximately 7 percent of the surfaces that had evidence of fluorosis, the majority (6.1% of all surfaces) showed only the mildest form of the condition-a score of one. Table 3 displays the distribution of TSIF scores by age. The youngest children, nine and ten years, displayed the highest proportions of surfaces affected by fluorosis, 11.8 and 8.9 percent, respectively. The largest proportion of surfaces without fluorosis was among the older children. Among those 12 years old, fluorosis was found on 1.7 percent of the surfaces. No fluorosis was found among the 13-year-old children. Parents were asked to list all places of residence for their children, but only places of residence in the first eight years of each child's life were included for analysis. For most children, calcification of the enamel of all teeth (except third molars) would have occurred during that time span. The distribution of children by previous exposure to fluoridated community water supplies and fluorosis status is found in Table 4 . Years of exposure were combined to form three categories: no fluoridated water exposure, one to four years, and five to eight years. Although slightly more fluorosis was found among those children whose cumulative exposure time was one to four years, no striking patterns or statistically significant relations were found. Table 5 shows the distribution of children by fluorosis status in relation to the reported frequency of taking dietary fluoride supplements: "regularly as prescribed," "not on a regular basis," or "never." Significant relations were found between fluorosis status and reported use of fluoride supplements (chi square, P< .01). Regular users of supplements were more likely to show evidence of fluorosis, 32.4 percent versus only 13.4 percent of those who never took supplements. Those who reported never taking fluoride supplements were more likely not to have fluorosis. Approximately 87 percent of nonusers were fluorosis-free; 67.6 percent of regular users had no fluorosis. Of the other sources of fluoride investigated, toothpaste and infant formulas, none were found to be related to fluorosis. Parents were asked to identify who prescribed fluoride supplements for their children. Of those who reported taking supplements, 67 percent reported receiving the fluoride prescriptions from physicians; 33 percent received them from dentists. The distribution of fluorosis among the children as related to the reported source of prescription is found in Table 6 . Statistically significant relations were found between the presence of fluorosis and source of fluoride supplement prescriptions (Fisher's exact test, P<.Ol). Approximately 37 percent of the children who received fluoride prescriptions from physicians had evidence of fluorosis, compared to only 10 percent who received prescriptions from dentists.
Discussion
Although examiner variability and the use of different populations and indices prevent direct comparisons, the prevalence of fluorosis found in the present study is similar to that reported previously in other areas of negligible fluoride in the water. Oldak and Leverett (23), using Dean's index, reported that 22 percent of first and second grade children living in a nonfluoridated area of New York experienced dental fluorosis in the permanent teeth. Using the TSIF, Driscoll et al. (24) found a similar percentage of fluorosis-free surfaces (94.1%) on subjects eight to 16 years of age in studies of rural communities with negligible levels of fluoride in the water supply.
Despite the relatively low prevalence and mild form of fluorosis found, the question arises as to which source of fluoride might increase the risk of fluorosis, especially in areas where fluoridated water is not expected to be a factor. The fluoride histories of the subjects in this study provide some insight, although some concerns should be noted. Information from the surveys is based on self-reported data and depends to a great extent on the parents' ability to recall experiences specifically for each of their children. Recognizing that caution must be observed when interpreting self-reported data, however, the histories provided the following information.
Various exposures to community fluoridated water supplies were reported. Lack of specific knowledge of well water fluoride levels could result in an underestimate of fluoride exposure. It was found, however, that length of reported exposure, ranging from none to eight years of exposure during tooth calcification, was not related to the occurrence of fluorosis. Other sources of possible fluoride exposure, such as use of fluoride toothpastes or ingesting certain types of infant formula, were not found to be related to the occurrence of fluorosis, either. Dietary supplements were the only vehicle of fluoride that was significantly related to the fluorosis found among the population in the present study. Regular users, defined as taking supplements "regularly as prescribed," were more likely to show evidence of fluorosis than those who took them infrequently or not at all. This relation is similar to that reported in other studies that found a greater proportion of fluorosis among children who took fluoride supplements (4, 7, 25) . Like other studies, however, the fluorosis observed was mild, which is considered "acceptable" by some researchers (7,25).
"Dieta y supplements were the only vehicle of fluoride that w a s significantly related to the fluorosis found among the population in the present study."
The fluorosis found in this study was more likely to be observed in children who reportedly received supplement prescriptions from physicians rather than dentists. Since two-thirds of the fluoride supplement prescriptions were reportedly issued by physicians, it appears that many physicians are assuming a responsibility for preventive dental care. This trend is one that public health advocates support and welcome. The fact that 64 percent of children under the age of five have never visited a dentist (26) indicates the need for other health care providers to be involved in preventive oral health care of young children.
In light of the findings of this study as well as others, there is concern, however, that proper protocol regarding fluoride supplements is still not being followed. Horowitz (27) indicates that the complexity of the dosage schedule is one of the barriers to the appropriate use of fluoride supplements, as is a lack of emphasis placed on the appropriate use of fluorides by faculty teaching in undergraduate and graduate schools.
Further complicating the issue is the fact that, until 1979, the dosage schedule for fluoride supplements as recommended by the American Dental Association was different from that of the American Academy of Pediatrics (28) . Changing guidelines for supplement prescriptions may have gone unnoticed or were ignored. A study of physicians by Margolis and others (12) found positive changes in attitudes and practices following an educational program about fluoride supplements. However, in a study that evaluated the fluoride prescribing practices of medical residents, Pinkerton et al. (29) found that, even when new information was learned, correspondingly appropriate prescribing behavior did not necessarily follow. Also, while physicians have indicated that, among the criteria considered when prescribing supplements, the amount of fluoride in the drinking water is a major criterion (9), a relatively low percentage know the fluoride content of the water (11) or actually assay the water to determine the fluoride content (13,lS). It appears, then, that while many physicians recognize the importance of fluoride supplements and can cite the correct guidelines for their use, recommendations are not being followed either by the physicians or parents and children, or both.
Results of the present investigation suggest that fluoride supplements contribute to the prevalence of fluorosis and more likely may be prescribed inappropriately by physicians. Although the amount of fluorosis that is being reported may be more of an esthetic than health concern, its unnecessary occurrence can and should be purposefully minimized through proper assessment of the child's fluoride exposure and the judicious use of additional fluoride.
